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ABSTRACT
This paper investigates the potential of electronic performance support
(EPS) for end-user training. It consists of three components, an overview and
conceptualization of EPS, an analysis of its main features based on various
learning theories, and a framework for evaluating its potential for end-user
training. The analysis shows that EPS is complementary to traditional training
methods in many ways. Significant benefits can be expected from the integration
of working and learning, which is central to EPS. Several propositions are
proposed along with the research framework: The success of EPS is likely
contingent upon its fit with users’ characteristics, IT tools to be used, and the
expected knowledge outcomes.

INTRODUCTION
Computerization of the contemporary
workplace has been swift and profound.
Organizations today commit a significant
amount of resources to provide their
employees
with
advanced
computing
environments. As more work processes are
mediated through computers, the need for
training and retraining is steadily increasing.
Much has been discussed about the “learning
organization” that achieves success through
the ability to learn faster than its competitors
(Senge, 1990). IS management must costeffectively and continuously upgrade their
employees’ computer skills, and do a better
job of training end-users of new systems. Not
surprisingly, end-user training has been a

continuing interest in IS research (e.g.,
Compeau and Higgins, 1995; Compeau,
Olfman, Sein, and Webster, 1995; Olfman and
Bostrom, 1991; Santhanam and Sein, 1994;
Sein, Bostrom, and Olfman, 1998).
End-user training involves the learning
of IS concepts, technical skills, organizational
skills, and knowledge about specific IS
products (Nelson and Cheney, 1987).
Traditional training is usually given by
instructors at a separate time and place from
employees’ job context. It runs the risk of
teaching materials that would never be
transferred to the actual job context. Moreover,
occasional users are not interested in regular
training sessions, nor would they benefit form
such training (Eason, 1988). According to
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Eason, what they really need is the “point of
need support,” which provides specific
answers when questions arise from real work.
Advances in computer technologies
have created both challenges and opportunities
for end-user training. On one hand, learning
everything in advance has become impossible,
and it is difficult to be proficient with many
applications or many functions of a single
application. End-users must develop the ability
of self-learning and support. On the other
hand, online support has become more
sophisticated, allowing more training to be
done using computers than before. Whereas
the challenges are well recognized,
opportunities for innovative use of computers
for training and support have not been
adequately explored.
Over the past decade, there has been an
emerging movement in the IT training industry
toward integrating computer-based training
and support into working. It is known as
electronic performance support (EPS), which
refers to the delivery of task support and
learning in an on-the-job, just-in-time, and
just-enough manner (see a special issue of the
Communications of the ACM edited by Fisher
and Horn, 1997; Gery, 1991, 1995; Hudzina,
Rowley, and Wager, 1996; Marion, 2002).
EPS systems (EPSS) can be considered “the
infrastructure that captures, stores and
distributes individual and corporate knowledge
assets throughout an organization to enable
individuals to achieve required levels of
performance” with a minimum of training
(Raybould, 1995, p. 10).
Successful applications have been
developed in major companies such as ADM
(Advanced Micro Devices), American
Express, AT&T, Fidelity Investments, General
Motors, IBM, Intel, and Nortel (Bezanson,
1995; Gery, 1991; Hibbard, 1998; Hunsaker
and Lixfield, 1999; IBR, 1995; Masumian,
2000). However, much of the EPS literature
has appeared in trade journals and in applied
education
research.
To
date,
a
conceptualization of EPS has not yet emerged,
nor has the potential of EPS for end-user
training been thoroughly examined.
It is important for IS research to
consider carefully how to incorporate EPS into
end-user training programs. This paper
52

CONTRIBUTION
This paper makes a contribution to
information systems (IS) research and enduser training in particular in the following
three ways. First, it provides an overview and
a conceptualization of an emerging trend in
IT training, electronic performance support
(EPS). Second, it examines the main thrusts
and weaknesses of EPS from various
theoretical perspectives with regard to justin-time delivery of learning-by-doing. A
potential complementary relationship has
been identified between EPS and the
traditional training. More importantly, a
theoretical basis has been established for the
evaluation and adoption of EPS. Lastly,
based on the theoretical basis, a conceptual
framework has been proposed for IS
researchers to study EPS for end-user
training. The proposed propositions can be
empirically tested, and considered as an
agenda for future research.
investigates the potential of EPS and compares
it with traditional training methods. It is
appropriate to ask, what is new in EPS? Is EPS
truly breaking new grounds for end-user
training or is it just glorified online help? What
is the theoretical and cognitive basis of EPS?
This paper consists of three main
components. First, it provides an overview and
conceptualization of EPS, based on the largely
practitioner literature over the past decade.
Second, drawing upon several theoretical
perspectives, the paper examines the potential
of EPS for end-user training, highlighting its
fundamental thrusts and limitations. Well
thought-out theoretical perspectives can direct
rigorous empirical research that is theory
driven. Third, this paper proposes a research
framework from end-user training perspective
along with several propositions based on the
theoretical perspectives and prior research.
Lastly, conclusions are given and discussed.

WHAT IS NEW IN EPS?
EPS Applications - A Review of the
Practitioner Literature
EPS herein refers to the philosophy and
general practice, which emphasize the use of
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online resources to promote on the job learning
by doing, whereas EPS systems (EPSS, in both
singular and plural forms) are specific
applications. EPSS are implemented in various
forms of online resources. For example, a
common form is cue cards and wizards, which
are often seen in off-the-shelf products such as
Microsoft Office applications. A user can
request cue cards on how to complete a task.
The cue cards stay side-by-side with the task
window while the user steps through the
procedure, or they can also be accessed as a
stand-alone reference. In contrast, wizards
provide scaffolding for task completion in a
structured process, by breaking a complex task
into a number of simple steps and guiding the
user through the steps.
More importantly, custom-designed
EPSS have also been developed to structure
and facilitate work processes, or to
institutionalize business policies and the best
practice. Typically they consist of two basic
categories of components, knowledge-based
(often rule-based) coaching and advising
facilities, and integrated online access to
reference materials and help documents. For
example, General Motors has developed an
EPSS based on a wearable PC with voiceinput, to allow its mechanics to learn while
they work (Hibbard, 1998). The system is able
to present individualized materials, e.g., quick
access to technical details for experienced
users, and on-demand training for novices.
Upon task completion, technicians can
describe their procedures aloud noting their
new discovery about undocumented problems.

The reports are later reviewed, and then can be
shared and converted into training materials.
This system contributes to both end-user
training and knowledge management.
One of the earliest and most
representative examples of custom-designed
EPSS was developed at IBM (Gery, 1991). In
order to facilitate the use of CASE tools for
data modeling tasks, IBM developed a
working prototype, Performance/Learning
Support System (P/LSS) (see Figure 1), to
work in parallel with Knowledgeware’s
Application Development Workbench (ADW).
Key components of P/LSS include a monitor,
advisor, library, and interactive reference and
training. The monitor observes users’
interaction with ADW, and works with the
advisor to present context-sensitive and
system-initiated support materials when it
realizes a violation of a procedure or a user
taking excessive time in a task. The library
consists of both public reference materials plus
articles, and personal reference materials such
as examples of actual data models. The
interactive reference and training component
includes a tutorial on how to use P/LSS,
reference information organized in a questionanswer structure accessible in a contextsensitive way from ADW, training lessons for
all of the application tasks, and assessment for
users to check their knowledge and skill. Lab
and field evaluations involving IBM
programmers and analysts showed P/LSS
resulted in significant enhancement in user
skills and task quality.

Library
Advisor
Interactive
Training &
Reference
Tool (ADW)

Monitor
Consultant
Time/Path
Log

Glossary

Figure 1. Key Features of P/LSS (adopted from Gery, 1991)

The Journal of Information Technology Theory and Application (JITTA), 5:4, 2004.

53

Ji-Ye Mao

As another example, THEO-EPSS is an
EPSS prototype for a customer service
application of one of the world’s seven largest
utilities companies (Desmarais, Leclair, Fiset,
and Talbi, 1997). It supports customer service
representatives with hypertext links from the
graphical user interface (GUI) of the customer
database to task domain knowledge. Customer
inquiries can be addressed by following
hypertext links originating from numbers
shown on the computer screen to details of
calculation, and this can be done recursively to
get further details. Thus, necessary domain
knowledge is conveniently available to support
the task, which is difficult for complicated
payment plans and requires a good
understanding of the task domain.
From a technological perspective,
EPSS is about enhanced access to training
materials in the context of work in a
convenient manner. A useful concept for
describing EPSS and comparing them to other
systems is how intrinsic they are to the host
systems. Intrinsic support is inherent to the
host system itself and so closely integrated into
the workflow and interface that the host
system and support appear as one (Gery, 1995;
Raybould, 1995) (see Table 1). A good
example of intrinsic support is the hypertext
links from the graphical user interface of a
customer database to task domain knowledge
in THEO-EPSS (Desmarais, Leclair, Fiset, and
Talbi, 1997). Because such task support is
seamlessly integrated into the interface,
content, logic, and behavior of the host system,
it is impossible for the end-user to differentiate
it from the host system itself. Extrinsic support
is loosely integrated into the host system. It
has to be invoked intentionally by the user,
e.g., most of the cue cards and wizards, and
can be turned off, too. Whereas the user needs
to make some perceptual shift between doing
and learning, the work context is essentially

maintained because the task support is taskoriented, context-sensitive, and granular.
External support is not integrated into the host
system (e.g., help desks and bulletin boards); it
breaks the job continuity by forcing the user to
leave the task. External support alone does not
constitute EPSS because it breaks the task flow
and continuity.
A related concept is whether the task
support is explicit or implicit. Explicit support
is typically accessed by the user in the forms
of online information, references, and advice,
whereas implicit support directly facilitates the
task process through the user interface (Cole,
Fischer, and Saltzman, 1997). For instance,
Query-by-example (QBE) may be considered
an example of implicit task support. It allows
novice users to query database through a GUI
without knowledge of the Structured Query
Language (SQL). Explicit task information can
also be important, because access to the
underlying logic of the procedures and process
is necessary for end-users to develop a deep
understanding of the task knowledge.
In summary, common to EPSS is an
underlying philosophy with a distinct focus on
embedding learning into working. Rather than
being a new technological breakthrough, EPSS
are typically built based on the integration of
several existing technologies such as hypertext
and hypermedia, animation and simulation,
expert systems, and intelligent agents. By
focusing on performance outcomes, EPS is
free to draw from many technologies and
methodologies. However, the lack of design
methodologies is a primary concern (Carliner,
2002; Gery, 1995). Much is left to the
designers’ discretion, e.g., the content,
structure, and style of task support. The danger
is that EPS will be limited to “an approach”
and a common vocabulary (Fischer and Horn,
1997).

Table 1. Examples of EPS Features
Implicit
Explicit

54

Intrinsic
Integrated task
automation tools (e.g.,
QBE)
Contextualized access to
task information (e.g.,
THEO-EPSS)

Extrinsic
Linked task automation tools
(e.g., Wizards)

External
Stand-alone task automation
tools

Online references and
documentation (e.g., cue cards,
and online help)

Off-line sources of
information (e.g., help desks
and bulletin boards)
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Defining Characteristics of the EPS
Philosophy
The central idea in EPS is embedding
training and support functions within an
operational system, to enhance knowledge
workers’ performance by providing access to
knowledge, information, advice, and learning
experiences in the context of work – “on the
job,” “just in time,” and “just enough” (Gery,
1991; Raybould, 1995; Mackenzie, 2002;
Marion, 2002; Winslow and Caldwell, 1992).
The ultimate objective is to allow employees
to enter new jobs or to tackle new tasks
without prior training, and to elevate them to
high performance levels gradually through
self-learning and support. The two most
important underlying assumptions are: (1)
Learning is best accomplished during job
performance by the provision of small taskoriented training “granules,” and (2) workers
are the most qualified to take control of their
learning processes (Clark, 1992).
Fundamentally,
EPS
can
be
characterized with the following three distinct
principles:
Just-in-time,
just-enough
(minimalist), and performance-centered. (1)
Just-in-time means “knowledge delivery takes
place soon enough that it is applied to the
appropriate situation, and late enough that the
user doesn’t have to go through training or
information overload” (Cole, Fischer, and
Saltzman, 1997, p. 50). Therefore, users do not
have to master everything they need before
starting the task; learning and working occur in
a single context and at the same time. (2) Justenough or minimalist implies that lengthy
lectures should be divided into task-oriented
modules sufficiently small to provide support
information just enough for the task at hand,
thus the job context is maintained (Mackenzie,
2002; Gery, 1995). And (3), performancecentered refers to the primary focus on
continuous
performance
enhancement
(Mackenzie, 2002). EPS should be composed
of small granules of performance-oriented
support to get the current task done, as
opposed to comprehensive presentation of
function-oriented information for learning in
abstract.
The three principles together chart a
new course of continuous performance
enhancement. EPS represents an IT-based

solution to such management need, for
embedding training in work processes. With
EPS, performance enhancement becomes a
continuous process, as opposed to an event
such as pre-job training occurring just once to
set up performance at a certain level (Gery,
1991). The emphasis on continuous
performance enhancement is consistent with
the way workplace learning occurs, e.g., many
estimate that 80-85% of their employees’ job
knowledge is obtained on the job (Raybould,
1995; Winslow and Caldwell, 1992).
In summary, EPS aims for just-in-time,
just-enough,
and
performance-centered
delivery of task support, for continuous
performance enhancement. It represents a
management philosophy that collapses training
into performance. It is implemented via
enhanced access to training, which is
convenient, integrated into work, and
contextualized to work, with a single entry to
training materials in various forms and from
many different sources.
Empirical Studies
The majority of the existing EPS
literature is descriptive, or prescriptive based
on anecdotal evidence, e.g., defining generic
guidelines or reporting on design and
development experiences (e.g., Hunsaker and
Lixfield, 1999; Masumian, 2000; Marion,
2002; also see a comprehensive review by
Hudzina, Rowley, and Wager, 1996). For
instance, it was reported that an EPSS for
customer service reduced employee training
time by 60%, and another EPSS as a front-end
interface of a bank legacy system reduced
training by 75% and reduced task time by a
range of 33% to 77% (cited by Desmarais,
Leclair, Fiset, and Talbi, 1997). There has
been little research in this area that is
analytical, rigorous, and empirical.
In one of the few empirical studies,
Bastiaens, Nijhof, Streumer, and Abma (1997)
compared instructor-led training and EPS for
insurance agents. The training outcomes
included learning measured by tests and selfreported preference, performance measured by
productivity (the number of insurance plans
sold), and satisfaction with the support (EPS
versus paper-based manuals). There was no
significant difference in the learning test
between EPS and lecture, nor was any
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significant difference in sales. Instructor’s
lecture was appreciated more than EPS, mostly
because of the contact with other colleagues
and the fact that training was seen as a social
event. EPS was not superior to instructors, but
had a huge cost advantage since the company
had to train 1200 agents. In a lab experiment,
Barker and Banerji (1995) reported that users
of a communication package supported by a
multimedia
performance
support
tool
increased memory retention by 24%.
A more recent study investigated the
effectiveness of online task support (the
wizard type in particular) relative to instructorled training, and explored the underlying
cognitive process (Mao and Brown,
forthcoming). Ninety-two novice users of
Microsoft Access were either trained by an
experienced instructor or given online task
support, and then completed a variety of
performance-based tests. Users of online task
support tended to outperform instructor-trained
individuals on high-level tasks, whereas the
performance difference on low-level tasks was
not significant. Task support users were more
likely to develop conceptual mental models as
opposed to procedural ones, which accounted
for their better high-level performance. These
findings offer support for increased use of
online task support.

THEORETICAL PERSPECTIVES
This section presents a critical
evaluation of the main thrusts and limitations
of ESP for end-user training, drawing upon
several theoretical perspectives (see Table 2
for an overview). It can be instructive to
evaluate the potential of EPS from these
theoretical perspectives, because to some
extent variations in training methods can be
attributed to their underlying learning theories.
Prior IS research has linked various training
methods to several theories, such as Bandura’s
social cognitive theory (1982, 1986) and
Ausubel’s assimilation theory of learning
(1968) (see Compeau and Higgins, 1995;
Davis and Bostrom, 1993). Following this
tradition, the discussion below highlights the
needs for learning-by-doing as embedded in
EPS, the necessary conditions for learning-bydoing enabled by EPS, and lastly potential
weaknesses of EPS.
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Needs for Learning-by-Doing
EPS is congruent with several
theories
of
learning
with
different
epistemological roots ranging from cognitive
to social learning, such as impasse-driven
learning, the constructivism, and situated
learning. They all seem to imply that
significant benefits can be expected from the
combination of learning and working, which is
fundamental to EPS.
The cognitive paradigm of learning
defines learning as a change in cognitive
structures,
i.e.,
symbolic
mental
representations, and training as various ways
in which environmental stimuli can be
manipulated to establish new cognitive
structures and new cognitive operations, i.e.,
cognitive information processing (Streibel,
1989). The separation between learning and
working means no adequate processing of
declarative and procedure knowledge that
decays or remains in the working memory’s
limited capacity. Thus, it places a high demand
on the long-term memory. In contrast, just-intime learning allows the consequences of
newly learned skills to be seen immediately
without delay. From a cognitive perspective in
general, EPS can also provide an extension to
long-term memory, as performance often
requires large amounts of factual knowledge,
proficiency of skills infrequently used, or
simultaneous processing of different types of
information.
The need for incorporating learning
support into the work context is highlighted by
a particular cognitive learning theory known as
impasse-driven learning (VanLehn, 1988). In
essence, the theory predicts that new
knowledge is acquired only when there is a
need for that knowledge. The theory is based
on the observation that learners often reach
“impasses” while trying to use a procedural
skill they are acquiring. When a step that is
deemed executable cannot be performed, an
impasse has occurred. Help received from an
instructor, reference materials, or any other
sources is reduced to a sequence of actions that
will get the learner past the impasse. The
action sequence is generalized to become a
new subprocedure, inserted into the old
procedure at the location where the impasse
occurred. According to VanLehn, learning
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occurs at impasses when a learner’s problem
solving requires a piece of knowledge that is
not there. In other words, one learns only when
there is a need to learn. Help received at
impasse is information that allows correct
rules to be learned. EPS may be a natural
choice for supporting impasse-driven learning
at work where challenging situations arise, by
turning impasses into opportunities of learning
and performance enhancement.
Whereas the cognitive learning
paradigm is fundamentally constructivist and
individualistic, central to the constructivism is
the notion of the learner as “active,” not just
responding to stimuli as in the behaviorist
rubric, but engaging, grappling, and seeking to
make sense of things (Cooper, 1993; Perkins,
1991). A great deal of importance is placed on
experience in knowledge construction.
Experiences do more than simply reinforcing
skills; instead, they expose the learner to
variety–similarity, dissimilarity and problems–
that force learners to test their knowledge, and
adjust or change it accordingly. For
constructivists, learning is problem-solving
based on personal discovery, and the learner

needs a responsive environment that
accommodates individual motivations and
goals. Constructivists argue that this approach
lends itself more readily to ill-structured
domains where multiple organizational
principles and irregularities in interaction
exist.
The constructivist paradigm has three
requirements for an effective learning
environment: engaging the learner, authentic
activity in realistic context, and reflection on
both the content and learning process. It
implies that learners must be supported in the
construction of knowledge, not just given the
knowledge. However, workplace complexity
and the close tie between technology use and
job tasks simply make it difficult to hand over
necessary skills to novices effectively. Due to
the limits in the direct transmission of
knowledge, it is crucial to develop novices’
motivation and ability to enhance performance
and productivity continuously on the job.
Compared to traditional training methods, EPS
is more natural to satisfy the three learning
requirements, by facilitating the learner’s
ability to construct knowledge on the job.

Table 2. Theoretical Perspectives on EPS

Needs for learningby-doing

Theoretical
Perspectives
Cognitive learning
Impasse-driven learning
(cognitive)
Constructivism

Conditions for
Learning-by-doing

Situated learning
(social)
Cognitive effort
perspective
Production paradox
Contextualized learning

Concerns against
learning-by-doing
exclusively

Assimilation theory of
learning
Social cognitive theory

Implications
Newly learned information can be processed without
delay, and the demand on memory can be alleviated,
with EPS.
Learning occurs at impasses, when received information
allows correct rules to be learned.
An effective learning environment requires engaging the
learner, authentic activity in realistic context, and
reflection on the content and process of learning.
Learning develops from context-bound practices, and
learning is most effective in a productive process.
Learning-by-doing must be made convenient, because
effort reduction is weighed more heavily than quality.
Learning is inhibited by the concern for throughput, but
the motivational cost of learning can be reduced by EPS.
Learning must not disrupt or interfere with working.
Problem solvers need help, such as EPS, to detect
knowledge inadequacy and to access knowledge.
Knowledge of high level abstraction and generality
provides the framework for integrating new knowledge.
Observation, modeling, and feedback are instrumental
for modifying training behavior.
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The theory of situated action is based
on Suchman’s (1987) original studies on how
ordinary people use Xerox machines that have
built-in help and diagnosis programs. In
contrast to the cognitive model of learning, it
considers that all real-world learning entails a
form of context-bound and embodied,
situational action, but not plan-based
interaction. Plans such as the hierarchy of subprocedures for using Xerox machines were
distinguished from situated actions, i.e., the
actual sense made out of specific Xerox using
events by specific users. Learning is no longer
viewed as a matter of ingesting externallydefined, decontextualized objects, but a matter
of developing context-bound practices. This
theory has been found to be adequate in
providing an account of how human beings
learn in the presence of intelligent tutoring
systems (Brown, Collins, and Guguid, 1989).
The theory of situated learning (Lave
and Wenger, 1991) represents a further
departure from the cognitive epistemology. It
takes as its focus what kinds of social
engagements provide the proper context for
learning to take place, rather than the cognitive
processes and conceptual structures that are
involved. Lave and Wenger (1991) assert that
the nature of learning, remembering, and
understanding is fundamentally situated.
Situated cognition emphasizes the important
role played by a person’s physical and social
surroundings and work materials in problemsolving (Lave, 1988). One of the most
important tenets of the theory is that learning
is most effective in a productive process. It
implies a highly productive role for the skills
that are acquired through the learning process.
Through this process, an individual learner
does not gain a discrete body of abstract
knowledge that will then be transported and
reapplied in the work context later. Instead, the
skill is acquired through performing by
actually engaging in the process.
Similarly,
the
“cognitive
apprenticeship” style of learning (Collins,
Brown, and Newman, 1989) is based on the
premise that target skills should be
instrumental to the accomplishment of
meaningful tasks. It is argued that, in
classroom-based
training,
skills
and
knowledge are abstracted from their use in the

58

real world. Instead, knowledge should be
thought of as a tool, which can be fully
understood only through use. Therefore,
learning how to use a tool involves far more
than a set of explicit rules. The occasions and
conditions for use arise directly out of the
activities of the tool use. Authentic activities
are the only way for gaining access to what
enables one to act meaningfully and
purposefully.
Empirical studies have shown that a
person’s knowledge about using a device is
often keyed to specific activity contexts, and
that software knowledge is often learned and
organized around concrete situations. For
example, the user of a word processor may
only know which menu item to select for
printing when confronted with the relevant
menu (Mayes, Draper, McGregor, and Oatley,
1988). A study of novice users’ initial use of
word processors challenged the assumption
that people would be engaged in learning first
to develop and refine their expertise of using
computer systems (Carroll and Rosson, 1987).
Rather, they would be more likely to engage in
self-initiated exploration and learning-bydoing. EPSS can be built to facilitate and
support a set of common situations, as a
concrete link between a new system and the
tasks that need to be accomplished using it.
Necessary Conditions for Learning-byDoing
The fundamental thrusts of EPS can
also be understood from theoretical
perspectives related to the necessary
conditions for on-the-job learning-by-doing,
such as the cognitive effort perspective, the
notions
of
productive
paradox
and
contextualized learning.
With its root in Simon’s “bounded
rationality” (1956), the cognitive effort
perspective originates in studies of strategy
selection in preferential choice tasks. The basic
argument is that a decision maker is motivated
to pursue the strategy requiring the least effort
and yet providing an acceptable solution (e.g.,
Beach and Mitchell, 1978). Effort may be
weighed more heavily than quality of decision
because feedback on effort expenditure is
relatively immediate while feedback on quality
is subject to delay and ambiguity (Einhorn and
Hogarth, 1981). Empirical research has
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confirmed that decision makers attend more to
effort reduction than to decision quality
maximization (e.g., Russo and Dosher, 1983;
Todd and Benbasat, 1991). Therefore, it is key
to reduce effort required for learning.
Similarly,
in
human-computer
interaction studies, the innate conflict between
learning and working in work settings has been
observed and characterized as the production
paradox: Learning is inhibited by the
overwhelming concern for throughput and
working is inhibited by lack of knowledge
(Carroll and McKendree, 1987; Carroll and
Rosson, 1987). When given a new system to
learn, novice users’ typical sentiment is that “I
want to do something, not learn to do
everything” (Carroll and Rosson, 1987, p. 83).
Microsoft’s computer-based training designers
were frustrated by the fact that users do not
want to take time out of their work to go into
sophisticated tutorial modules, and that they
prefer to learn quickly while doing their work
(Galagan, 1994). Experienced users also
experience the conflict between learning and
throughput. They have little desire to learn
new functions, if they can use methods they
already know regardless of their efficacy.
Consequently, more effective solutions are not
learned.
Among the generic approaches to deal
with the difficulties associated with learningby-doing, one of them is to reduce the
motivational “cost” of learning, e.g., through
making learning risk-free and making the
relevant information easier to find (Carroll and
Rosson, 1987). Another one is to design for
the end-product focus, e.g., by providing “job
aids” and organizing reference materials
according to real-world goals. The rationale is
that users focused on a particular task may be
much more likely to enter into the “learning
mode” and to search for new information, if
they believe that the information will be easy
to acquire. These approaches are directly
supported by EPS through small granules of
task-oriented advice, which require little or no
effort to find in the same context as working.
Similarly, the notion of contextualized
learning suggests that learning should occur in
the work process, not in a separate phase and
in a separate place (Fischer, Lemke, and
McCall, 1990). As a general rule, learning

must not disrupt or interfere with solving a
problem, and new information to be learned
should help accomplish the task at hand,
because the task context gives learners a focus
for their interaction with a system, and it
increases their likelihood of receiving concrete
reinforcement from their job tasks. Fischer,
Lemke,
and
McCall
believe
that
contextualized learning can be effective only if
the flow of work is not disrupted, and such
learning requires rapid and timely access to
relevant information and knowledge. To
support contextualized learning, a system must
help the problem-solvers in the following
ways: (1) to see where their knowledge is
inadequate; (2) to find the problem-solving
knowledge they need for such situations; (3) to
understand how generalized principles relate to
their particular situations, and (4) to
understand how to creatively apply these
principles to the context of problem-solving
and how to go beyond the principles, e.g., to
make intelligent exceptions. These conditions
can be naturally enabled by EPS.
Limitations of EPS
Whereas EPS has been shown to be
advantageous for workplace training, it
appears to have several limitations. According
to the assimilation theory of learning,
meaningful learning requires that an individual
connect new information in a non-arbitrary
and substantive manner with knowledge that
already exists in memory (Ausubel, 1968).
Advanced organizers that deal with
information content at a high level of
abstraction and generality have been found to
provide a meaningful framework for
integrating new knowledge.
Although
Ausubel’s theory is primarily based on
learning of highly conceptual and verbal types
of content, it is clearly against a completely
fragmented
approach
to
knowledge
acquisition. Therefore, a major concern with
the just-enough (minimalist) principle is that
users may fail to acquire an overview of a
system and the necessary conceptual
knowledge, as a result of breaking down the
knowledge into small fragments provided
incrementally with individual tasks. Thus,
learning becomes fragmented, without holistic
schema (Clark, 1992).
Moreover, it is not clear that the
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learners are best left to themselves to
determine the type of training needed, how
much and when to get it (Clark, 1992). The
effectiveness of learner control may be
mediated by learners’ self-efficacy, which
consists of a set of beliefs about one’s ability
to perform a specific task (Bandura, 1986;
Gist, Schwoerer, and Rosen, 1989). Empirical
evidence on learner control in general is
largely mixed (e.g., Milheim and Martin,
1991). It is believed that learners sometimes
are unable to make the appropriate decisions.
Only those who have considerable background
have an adequate basis to make effective
decisions about what additional training they
may need.
Empirical IS research has shown that
behavior modeling in end-user training can
have an important influence on self-efficacy
and performance (Compeau and Higgins,
1995). The behavior modeling method is
typically expert-led or instructor-led training.
It is based on Bandura’s social cognitive
theory (1982, 1986) that observation,
modeling, and feedback are instrumental for
modifying trainee behavior. However, EPS
alone provides no opportunity for observation,
modeling, and personal feedback and
encouragement that a human trainer can offer.
The idea of totally eliminating training
away from the workplace may also have
negative side-effects. On one hand, training
away from work might be an important social
event with positive social consequences.
Employees share experiences about how they
perform their work, and they reflect on how to
do things. On the other hand, the use of EPS
may allow the time away from work used for
other aspects of training, such as knowledge
frameworks, interpersonal skills, and values
transfer. Therefore, EPS should not be used to
eliminate training, but rather reduce certain
aspects of the training, e.g., training on task
procedures. Nor should it be necessary to
convene people to learn everything about how
to use a piece of software.
Section Summary
In summary, there is strong theoretical
support for the integration of training and
working via EPS. Whereas the theory of
impasse-driven learning is useful for
cognitively explaining how job-related
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activities may stimulate learning, the
constructivist view highlights the active role of
learners in knowledge construction and the
need for authentic contexts. The theory of
situated learning reiterates that learning should
occur in close relation to performing, and that
learning should be a necessary ingredient of a
productive process. These theories are
particularly relevant to end-user training,
because the required skills are closely
intertwined with job-related tasks. The EPS
approach allows end-users to learn from
concrete scenarios of user-system interaction
while accomplishing meaningful tasks. It also
enables end-users to take an active role in the
construction
of
software
knowledge.
Moreover, EPS can alleviate some of
the obstacles that arise from the cognitive
effort-benefit tradeoff and the presence of
“production paradox.” The reason is that
granular and task-oriented support helps
maintain the work context and reduce the
effort to learn.
The main limitations of EPS include
potential
fragmented
knowledge,
ineffectiveness of learner control, and the lack
of social interaction. These concerns happen to
be the strengths of traditional instructor-led,
classroom-based training, which provides
behavioral modeling, peer support and benefits
associated with the social aspects of traditional
training. Therefore, EPS and traditional
training should be viewed as complementary
to each other. Empirical research is needed to
assess the effectiveness of EPS and its
potential to complement traditional training
methods.

A RESEARCH FRAMEWORK
This section presents a research
framework to compare EPS versus traditional
training methods of end-user training (see
Figure 2). It draws upon the existing literature
and particularly a training strategy framework
by Sein, Bostrom, and Olfman (1998). An
effective training strategy is “one that matches
a training method appropriate to the specific
type of trainee and the specific IT-tool” to
achieve the learning of the expected level of
knowledge. An ultimate measure of training
effectiveness is performance, which is
appropriate given this research’s focus on EPS.
Based on the theoretical perspectives reviewed
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in the previous section, a research framework
is outlined within the context of end-user
training research. Major categories of training
methods are classified first, and then the
complementary relationship between EPS and
traditional instructor-led training methods are
examined with training inputs and outcomes as
the main determinants of training methods.
Some propositions are presented as
appropriate.
Classification of Training Methods
Commonly used training methods vary
along two dimensions: (1) Whether the control
over the content and other aspects such as the
path and the pace is with the instructor or the
trainees, i.e., formal lecture versus self-study.
(2) The primary medium for delivering the
training materials, which can be either
computer-based or paper-based; the former can
be broadly labeled computer-based training
(CBT).
Whereas these two dimensions (shown
in Table 3) are sufficient for characterizing
most of the training methods, they do not
distinguish EPS from other types of CBT. This
is likely the reason that CBT and EPS are
sometimes confused as being the same. CBT

are computer programs that deliver the
majority of the training material, analyze the
response from the learner, and provide
feedback (Gery, 1987). In particular,
intelligent tutoring systems (ITS) are
sophisticated CBT based on artificial
intelligence techniques. ITS are designed to
extend instruction and achieve individualized
tutoring by relying upon techniques for
determining what the student knows, as well as
explicit tutoring principles about interrupting
and advising. Usually a CBT package is
separated from the product it supports. This is
the main difference between CBT and EPS, as
the latter features the just-in-time and justenough style of learning by doing.
Instructor-led training is well known
for its flexibility and wide range of suitability
for all training needs (Webr, 1988). It can be
effective in stimulating both motivation and
question, especially for small groups of
trainees. However, it is not optimal in many
situations, when the group gets big,
geographically dispersed, with dissimilar
interests and backgrounds, or conflicting
schedules to convene.

Trainee Characteristics
•Self-Efficacy
•Homogeneity (and size of
Population)

IT-Tool

Training Methods
Performance

(EPS vs. Instructor-led
training)

Training
Resources

Training
Outcome

Figure 2. The Research Framework
Table 3. Training Methods Classified Based on Control and Medium
Computer-Based
Paper-Based

Learner Control
EPS and CBT (including ITS)
Self-paced study of printed materials

Instructor-Led
Tutorials and Labs
Lectures
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Traditional training methods (including
CBT) are typically geared toward increasing
knowledge, which is often measured by
assessment tests. In contrast, knowledge
transfer and retention are not the primary goal
of EPS, although learning occurs during the
use of EPS. Moreover, traditional training is
often focused on generic system functions,
thus, prone to deteriorating into abstract
lectures on guidelines and principles unrelated
to the job environment (Clark, 1992). Yet,
traditional methods can go beyond knowledge
transfer. For example, well recognized are the
importance of meaningful interaction with a
system after formal training and its positive
impact on learning (Santhanam and Sein,
1994). Therefore, much of the following
proposed comparison between EPS and
instructor-led training is obviously idealistic.
In many ways, they should be understood as
the two extremes on a continuum.
Training Inputs–Determinants of Training
Methods
Trainee characteristics are an important
factor in selecting a training method, e.g.,
(Compeau, Olfman, Sein, and Webster, 1995,
Sein, Bostrom, and Olfman, 1998), because
the extent to which a trainee is capable of
acquiring the knowledge and skills at a given
level in a given time is a multiplicative result
of an individual’s ability and motivation levels
(Wexley, 1984). In particular, it is known that
self-perception of ability influences training
and learning activities, effort investment, and
achievement (Snow and Swanson, 1992).
Among individual characteristics, self-efficacy
is particularly relevant to end-user training
(e.g., Compeau and Higgins, 1995; Martocchio
and Webster, 1992). Having adequate selfefficacy is likely to be more important for the
adoption of EPS, given the central role of
computer-based task support in EPS. Low selfefficacy individuals may prefer to be taught by
instructors. Only after an orientation and
acquisition of basic skills, can EPS deliver the
expected benefits, according to various
theoretical perspectives such as the
assimilation theory and impasse-driven theory
of learning. This led to the following
proposition:
Proposition
1:
Low
self-efficacy
individuals are more likely to prefer and
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benefit from instructor-led training for its
personal feedback and support. In
contrast, for high self-efficacy individuals,
EPS should be the more appropriate
choice.
At the organizational level, a key
training input is the availability of resources,
such as the training budget, and available EPS
or development personnel, which are essential
for EPS use. For example, instructor-led
courses can be developed in a reasonably short
time frame, and relatively easy and
inexpensive to maintain and update. In
contrast, EPS needs experienced developers in
addition to training experts. Whereas CBT
generally takes approximately four times more
cost and effort to develop than lectures (Webr,
1988), the ratio for EPS could be even higher
if it is intimately integrated into the hosting ITtool. However, although EPS costs can be
significantly higher in the design stage, once
developed EPS can be used by every end-user
anytime and anywhere. Meanwhile, the
incremental costs of instructor-led training can
be much higher, if the costs associated with
transportation, meals, housing, and time away
from work are included. It is important to
consider the total cost of traditional training
plus ongoing support (including staffing,
facilities, and management for formal support,
and the informal peer support). All of these
costs associated with instructor-led training
increase largely in the proportion of the
number of trainees, the amount of training, and
the level of support.
Proposition 2: EPS and traditional
training methods have complementary
cost
structures
and
resource
requirements. EPS requires high setup
resources but more cost-effective over the
long run than instructor-led training.
Trainee
characteristics
at
the
organizational level are also important for
determining the appropriate training method.
Relevant ones include the number of trainees,
their homogeneity with regard to experience
with computer applications, self-efficacy,
physical locations, and work schedules. EPS is
effective to deal with a non-homogenous user
population, leaving the learning control to the
users. In contrast, instructor-led training is
targeted at the “typical” users.
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Proposition 3: EPS is more effective for
supporting heterogeneous or large user
population of end-users than instructorled training.
At the organization level, because of
the potential of significant cost savings in
training due to the economies of scale of EPS,
EPS is a worthy alternative as long as it
delivers acceptable performance level but not
necessarily superior to traditional training.
Even if EPS does not have a clear cost
advantage over traditional training, its
potential impact on enhanced work processes,
uniform work practice, and knowledge
capitalization may be more significant for
organizations (Gery, 1995; Raybould, 1995).
The type of IT-tool for which trainees
are to develop competence is another
important determinant for training method
(Sein, Bostrom, and Olfman, 1998). For
example, the IT-tool can be a commonly used
personal productivity tool, thus training is
often focused on certain advanced but less
frequently used features, e.g., merging form
letters using a word processor (Martocchio and
Webster, 1992). In such cases, EPS can be
more effective than instructor-led training,
because it can provide useful and convenient
procedural guidance at the moment of need.
Alternatively, the IT-tool can be a novel
software package or environment, e.g., objectoriented programming or a modeling tool. The
use of the IT-tool involves largely conceptual
knowledge and generic processes. Thus,
human-instructor may be more effective in
presenting such knowledge. The differences
between IT-tools should influence the choice
of training methods, according to the
theoretical perspectives such as the
assimilation theory and constructivist views of
learning-by-doing.
Proposition 4: EPS is more effective than
instructor-led training if the use of an ITtool requires large amounts of factual
information and authentic scenarios to
practice; and vice versa if the IT-tool
involves conceptual knowledge and
generic processes.
Training Outcomes–Determinants of
Training Methods
Training outcomes typically include

motivation and performance, along with
knowledge transfer (Bostrom, Olfman, and
Sein, 1990). Sein, Bostrom, and Olfman
(1998) consider the knowledge outcomes a key
determinant of training strategy. A six-level
knowledge content hierarchy is proposed,
including
(1) syntax of the interaction language or style,
(2) semantics of the interaction language, e.g.,
commands,
(3) task/functional
level
synthesis
of
individual elements to achieve various
tasks,
(4) conceptual knowledge of system overview
and organizational fit of the system,
(5) inferential knowledge of generalization,
and
(6) motivational knowledge on understanding
how the system fits in with the goals and
objectives of the individual and the
organization.
This hierarchy is instrumental for
constructing a contingence strategy based on
the complementary relationship between EPS
and traditional training. A well-designed
training program should have the right mix to
produce the best fit with the expected
knowledge outcomes effectively, as specified
in the following proposition.
Proposition 5: EPS is more effective for
the three lower levels of knowledge
outcome, and task/functional synthesis in
particular. Instructor-led training is more
effective for the three higher levels.
The reason is that human instructors
and social interactions between users might be
more important for higher levels of learning
including the conceptual, inferential and
motivational knowledge. EPS can be used for
progressive performance enhancement on the
three lower levels, i.e., syntax, semantics, and
task/functional knowledge. Whereas this
complementary relationship has to be tested
empirically, it is consistent with much of the
anecdotal evidence. For example, the above
conjecture explains the fact that even highly
computer-literate
professionals
routinely
attend expensive workshops and tutorials on
IT-tools. Moreover, EPS practice to date has
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also shown that there is always a need for
lectures and presentations to do orientation
training and base skill development
(Bezanson, 1995), before EPS can be
effectively used. It is also consistent with the
assimilation theory of learning that the
acquisition of a mental model of the
organization of the entire system first is
important (Bostrom, Olfman, and Sein, 1990).
Only after capabilities and limitations of the
IT-tool have become clear, can users choose
what they want to learn.

CONCLUSIONS AND DISCUSSION
EPS represents a new approach to
performance enhancement and productivity,
enabling continuous performance enhancement
in a just-in-time and just-enough manner. It is
different from traditional training methods,
including computer-based training. This paper
has presented an overview of EPS and its
potential for end-user training, highlighting the
importance of integrating learning into
working. Analysis based on several theoretical
perspectives indicates that EPS is inherently
conducive to learning-by-doing, satisfying the
necessary conditions for such a learning style.
A research framework is also proposed along
with several propositions with respect to the
effectiveness of EPS for end-user training,

which may be empirically tested.
As a synthesized summary, Table 4
shows that the complementary relationship
between EPS and traditional training methods
posited by this research. The dimensions in
Table 4 form a structure for empirically
assessing the effectiveness of EPS for end-user
training under various circumstances.
A key implication of the contingency
relationship based on the fit between training
methods and knowledge outcome levels is that,
in light of the increasing availability of EPS,
the nature of traditional training programs
should be adjusted to focus on what they are
effective for. Expected knowledge outcomes
must be identified as a key factor for training
strategy design. For example, some of the
traditional training should shift toward
teaching people how to use the EPS effectively
to operate independently on the job (Gery,
1991).
More
importantly,
theoretical
perspectives reviewed earlier both for and
against EPS become more meaningful if they
are matched to the knowledge outcome
hierarchy: Whether EPS is advantageous or
not depends on trainee characteristics, ITtools, and the required level of knowledge
outcome.

Table 4. Complementary Relationship Between EPS and Traditional Training Methods
Features
Context
Control
Duration
Training Materials
Unit Size
Knowledge Outcomes
Immediate Focus
Suitable Trainees
Social Interaction
Cost Structure
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Traditional Training
Classroom or Lab
Instructor-led and controlled
Discrete, typically one time, event
System function-oriented, general
and abstract
Comprehensive and lengthy
Conceptual, inferential and
motivational knowledge
Knowledge and skill transfer
Small and homogeneous local
groups, and low self-efficacy
individuals in particular
Social event, allowing sharing and
personal interaction
Largely proportional to the number
of employees

EPS
Workplace and on the job
Learner control, and self-exploration
Continuous process
Task-oriented, specific and concrete
Just-enough for the task on hand and
granular, but fragmented
Syntax, semantics, and
task/functional knowledge
Productivity and performance
Large and dispersed populations with
high self-efficacy and varying needs
Individual process, based on humancomputer interaction
Higher start-up costs, but little
incremental ones
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In conclusion, EPS is unlikely to
completely replace traditional training,
because traditional methods have strengths not
found in EPS. EPS adoption considerations
must hinge upon the fit with user
characteristics, IT-tools to be used, and
expected knowledge outcomes. Future
empirical studies will help managers
understand the business value of EPS, and
make sound adoption decisions.
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